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INTRODUCTION 



German Mills Creek Is a tributary of the Don River. It is typ- 
ical of a small/ rapidly flowing, shallow stream with extremely low drought 
flows. The Richmond Hill water pollution control plant discharges to the 
creek near its headwaters. The discharge represents the major portion of 
streamflow during drought flow periods. Intensification of water use in the 
upper parts of the Don River Basin has occurred and Increasing use Is 
being made of the stream for wastewater disposal. Consideration of these 
Important needs and also proposals for recreational development down- 
stream will require careful management of water quality. In this report a 
rational evaluation of the probable effects of increasing use is made 
and the required extent of wastewater treatment programs at Richmond Hill 
evaluated. 

The study involved determination of the rates of self-purifica- 
tion in the creek below the plant and projection of the effects of present 
and future wastewater loadings on the dissolved oxygen resources of the 
stream at drought flows and summer temperatures . Also, included In this 
report is an estimate of the acceptable stream quality based on water use 
considerations. The nutrient problem is also reviewed. 

Chapter I contains conclusions and recommendations followed 
by the second and third chapters which deal respectively with background 
considerations and the wastewater assimilation analyses. Following are 
Chapter IV containing the findings of the biological survey and a sum- 
mary in Chapter V. The three appendices contain detailed supporting mat- 
erial. 
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CHAPTER I 

CONCL USIONS AND RECOMMENDATION S 



CONCLUSIONS 

Based on a wastewater assimilation study performed in May 19 65 
and a biological survey carried out in September 1965 of the German Mills 
Creek basin, the following conclusions are made; 

1. Natural streamflow in the creek is negligible upstream from Sta- 

tion 5 (off Highway 7) during drought flow periods. Consequently, suf- 
ficient dilution is not available for wastewater discharges from Richmond 
Hill during critical low flow conditions. 

2 . Private drains discharging domestic wastes to the creek were 

noted upstream from the sewage treatment plant. This was,te input was 
estimated to be less than one per cent of the total organic load contrib- 
uted by the plant . Although negligible in terms of total organic load, these 
untreated discharges contribute to pollution and present a potential public 
health problem . 

3. The wastewater discharged from the Richmond Hill water pol- 
lution control plant caused serious quality impairment in the stream. Mini- 
mum dissolved oxygen values less than 4 . 0 ppm - (1.8 at Station 4 ) were 
encountered in the creek while BOD^ concentrations exceeded the Comm- 
ission objective of 4.0 ppm from the plant downstream to the junction 
with the East Branch of the Don River. The Coliform density and nutrient 
level also increased considerably. The quality impairment affected the life 
in the stream by restricting the bottom fauna to a small number of pollution 
tolerant species below Richmond Hill. 

4. As the stream exhibits a high rate of reoxygenation (K2)/ it is 
able to carry elevated BOD levels without undue reduction in dissolved 
oxygen content. If the quality objective of 4.0 ppm dissolved oxygen were 
considered critical under drought conditions , the load introduced daily 
should be limited to 740 lbs BODc, (load measured at survey 684 lbs per 
day). However, a load of this magnitude would result in immediate BOD 5 
levels in the stream of greater than 4.0ppm. Decay to about 10 ppm would 
then occur at the confluence with the east branch. 

Present and future urban and recreational downstream uses make 
these BOD levels unacceptable. It is suggested that the strength of the 
plant discharge should be limited to 10 ppm (160 lbs per day) which would 
maintain acceptable quality conditions throughout most of the creek and 
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not Interfere unduly with existing and proposed water uses. 

5. The problem of nutrient enrichment associated with sewage ef- 

fluents may cause nuisance algal growth and seriously affect downstream 
uses. Reduction of the phosphorus content may become necessary. 

RECOMMENDATIONS 

1. The pollution load introduced from private drains upstream from 
the sewage treatment plant should be eliminated. 

2. The efficiency of the Richmond Hill water pollution control plant 
should be increased to meet the guidelines contained in this report. These 
pertain to the wastewater loading limitations that are compatible with ac - 
ceptable stream quality and downstream water uses. 
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CHAPTER II 



BACKGROUND CONSIDERATION 



1. INTRODUCTION 

German Mills Creeki a tributary of the Don River, originates 
from springs in the hilly area north-west of Richmond Hill and flows in a 
south-easterly direction through the town. Approximately seven miles 
below Richmond Hill it joins the East Don River and the combined flow 
eventually enters Lake Ontario. 

2. PHYSIOGRAPHY 

German Mills Creek rises at an elevation of about 900 feet 
above sea level and flows at an average gradient of approximately 5 5 feet 
per mile to Its confluence with the East Don River at elevation 500 feet. 
The average gradient would suggest turbulent streamflow, which Is true 
for the most part* however* there are sections of quiescent flow In the 
lower reaches of the creek. 

The rock formation underlying the watershed Is called the "Dun- 
das"* belonging to the Ordovician system. The rocks of this formation 
are shale with some beds having large proportions of sand and limestone. 
The surface material has been derived* in large part* from the underlying 
rock. This makes the soils of the region predominantly clayey. 

3. CLIMATE 

The average of 105 years of climatic observations provide the 
following annual averages for the Don River basin: 

Temperature - 45°F. 

Precipitation - 31.18 Inches 

Snowfall - 61.9 Inches 

4. STREAMFLOW 

At the time of the survey in May, 1965 there were no permanent 
streamflow gauges on German Mills Creek . The Department of North- 
ern Affairs and National Resources operates a gauge on the East DonRiver 
at Lansing (2HC4). Discharge data* available from the year 1945, pro- 
vide a 19 year record of flow. The streamflow data for this gauge has 
been utilized* by transposition according to drainage area, to develop 
drought flow predictions (Appendix B) and related evaluations of the waste- 
water assimilation capacity. 
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5. WATER SUPPLY AND WASTEWATER DISPOSAL 



Aside from limited livestock watering in its lower reaches* Ger- 
man Mills Creek is not otherwise used for water supply purposes. 

The 1.6 MGD activated sludge plant which serves the Town of 
Richmond Hill (population 19,474) and is operated by the OWRC, provides 
barminution, primary settling, conventional activated sludge treatment, 
final sedimentation, sludge digestion, and effluent chlorination. 

At the time of the survey, a number of private outfalls were 
noted discharging to the creek in Richmond Hill upstream from the plant. 

6. WASTEWATER ASSIMILATION 

A modification of the original Streeter-Phelps theory of the de- 
cay of organic pollution in streams is used as a basis for the determin- 
ation of pollution assimilation capacity and wastewater treatment require- 
ments. A mass balance equation is used to correlate field and laboratory 
data to calculate the various coefficients describing stream and pollution 
characteristics. 

In this analysis a detailed evaluation of the inputs to the stream 
is made. These inputs include wastewater load and temperature, and 
fresh water inflow. The wastewater discharge in combination with the 
fresh water flow set the initial concentration of the pollutant. Based on 
the assumption that the pollutant upon discharge receives complete mixing 
with the fresh water flow and thus produces uniformity over the cross sec- 
tional area, a one dimensional analysis along the longitudinal axis is used. 

For the one dimensional analysis of German Mills Creek* the 
temporal and spatial variations of the sources of pollution entering the 
stream are defined. 

The importance of water temperature variations In relation to 
dissolved oxygen concentrations and percent saturation is considered us- 
ing mean temperature values. 

For practical purposes the assumption of constant rate of fresh 
water flow during drought periods in the drainage basin is made. 

The effect of sludge deposits on the oxygen resources of this 
stream is considered negligible. The average gradient of 55 feet per mile 
results in turbulent streamflow patterns with velocities usually in excess 
of 0.6 feet per second. This was confirmed during the May survey. 

In relation to the reaction coefficients, it is assumed that the 
concentration of pollutants changes in accordance with first order kinet- 
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ics. In this report the coefficient of BOD removal, K r < Is assumed to in- 
clude all factors that remove BOD from a defined body of water* The BOD 
removal may be affected by biochemical oxidation and removal of dls - 
solved and suspended matter by absorption, adsorption or deposition. K r 
defines the distribution of BOD but it does not describe the oxygen utiliza- 
tion pattern since some of the factors remove BOD without the associated 
usage of oxygen. Consequently, the coefficient Kd is employed to relate 
BOD concentration to the rate of oxygen utilization,, In this analysis no 
distinction is made between the carbonaceous and nitrogenous phases of 
the biochemical oxidative process. The effects of both are combined in 
the evaluation of the coefficients of removal, K r , and deoxygenation , Kd- 

In the assessment of the dissolved oxygen distribution and the 
associated coefficient of reoxygenation, K.2' no attempt is made to differ- 
entiate between the various sources of oxygen. 

7. BIOLOGICAL ASSESSMENT 

Aquatic communities both In composition and productivity are 
affected by pollution. The use of biological parameters to indicate past 
environmental conditions, even of brief duration, renders a valuable ad- 
junct to the assessment of pollution. Emphasis is placed on the plant and 
animal community as a whole rather than on the presence or absence of 
certain species. Generally, the community in organically enriched waters 
is composed of large populations of reduced numbers of species; those 
species surviving are scavengers adapted to living In reduced oxygen ten- 
sions. Deoxygenation, toxicity and other factors may have acute effects 
which visibly alter the community, although the cumulative physiological 
effects of sub-lethal doses are likely to be of more significance. The de- 
gree of upset of the biological balance reflects the extent to which prop- 
erties of the water have been changed. This is the principle of biological 
detection and assessment of pollution. 

Sampling of the community is carried out above as well as below 
a discharge of wastewater. Sampling sites are selected in a typical habi- 
tat with respect to similarities in hydrologlc characteristics and nature of 
the bottom materials. Biological and physical-chemical data are comple- 
mentary and the latter Is uced In the interpretation of biological data. 
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CHAPTER III 



WASTEWATER ASSIMILATION 



1. FIELD SURVEY 

Ten sampling stations were established commencing 0.2 miles 
upstream from the OWRG Richmond Hill WPCP and proceeding downstream 
approximately 7.4 miles to the confluence with the East Don River. The 
stations are shown in Figure III— 1 and described in Table III— 1 - 

The field work required two four-man crews working 12- hour 
shifts from May 26th to May 28th, 1965. At four hour intervals* samples 
for chemical analysis and bacteriological examination were collectedand 
field dissolved oxygen* temperature and streamflow measurements were 
taken. Hourly samples of the treatment plant effluent were composited 
over each 12-hour period. A total of 148 samples were collected for chem- 
ical analysis* 108 of which were analyzed for BODg only and the remaining 
40 (all 12-hour composites) for BOD5; total, suspended, and dissolved 
solids; free ammonia, total Kjeldahl, nitrite and nitrate. 

Time of travel was established using calcium chloride and a 
conductivity meter. Fluorescent dye was used to verify the conductivity 
meter results. 

Velocity measurements were made at mid-depths when the depth 
was less than 0.5 feet and at 0.6 depth when the stream depth exceeded 
0.5 feet. Discharge calculations were made using the velocity-area method. 
Sewage flows were obtained from the meter records at the WPCP. 

2. DETERMINATION OF SELF PURIFICATION RATE CONSTANTS 

The logarithms of pounds of BOD are plotted against the ob- 
served time of travel on a linear scale and straight lines are fitted to the 
data (Figure III— 2) . This procedure divides the stream into two sections 
which exhibit two distinctly different rates of BOD removal. Section 1 
(Stations 2 to 5) illustrates a relatively high rate of BOD removal probably 
reflected by absorption, adsorption and biochemical reactions. Section 2 
(Stations 5 to 9) demonstrates a lesser degree of BOD removal which is 
considered Indicative of biochemical decomposition only. The removal 
rate of Section 2 is related directly to oxygen utilization or deoxygenation 
(Kd) and is assumed constant for the entire length of the stream. The rate 
of BOD removal in Section 1 Includes factors which can only be partially 
related to deoxygenation and thus Is considered an overall BOD removal 
constant (Kr). 
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TABLE III-l 



SAMPLING STATION LOCATIONS 



STATION 



MILEAGE 



LOCATION 



DRAINAGE 
AREA 



MILES FROM 
WPCP 



DEG-23. 8 0.6 Miles upstream from WPCP 
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DEG-22.1 At 16th Avenue (Markham Twp.) 6.42 

DEG-20.5 At Highway 7 8.70 

DEG-19.2 At Green Lane 10.07 

DEGT-18.8 At Green Lane 4.7 

DEG-17.6 At Steeles Avenue 15.92 

DEG-16.5 Near Confluence with East 20.55 
Don River 



0.05 

0.9 

1.6 

3.2 

4.5 

4.8 

6.2 

7.4 



* Tributary Stream 



1000- 



900- 



800 - 



700- 



600- 



\ 



500- 



400- 



300- 



o 
o 

CO 



in 



200 



FIGURE 111-2 

GERMAN MILLS CREEK 

5 -DAY BOD 
VS. 
TIME 



\ 



\ 



\ 



«• SECTION I 



Kr - 



Kd 



>4v 



(Base: 



SECTION 2 



100 - — I 1 p 1 1 1 1 -] — 

I | j |0-5 j 1-0 l ( S i 20 

STA. 2 STA3 STA4 STA.5 STA.6 STA.8 STA9 

TIME OF TRAVEL (DAYS) 



13 



The reoxygenation constant (K2) is selected to fit the survey 
oxygen data. The Increased average gradient in Section 2 accounts for 
the higher reoxygenation coefficient in that section. Close agreement be- 
tween the calculated and observed oxygen sag curves is established (Fig- 
ure III- 3). 

The plot of the field oxygen data shows the minimum oxygen 
concentration (4.4 ppm at Station 4) about 0.18 days below the WPCP. 

The following rate constants for German Mills Creek were ob- 
tained: 

Table III-2 



Constants Section 1 Section 2 

Kr 1.83/day 0.3/day 

Kd 0.3/day 0.3/day 

K 2 3.0/day 4.0/day 

(Average Temperature - 19°C) 

3. CRITICAL OXYGEN SAG 



Conditions: 



Twenty year return 7-day low flow - 0.035 cfs/sq. mi. 

Creek temperature - 25°C 

Section 1 rate coefficients - Kr = 2.36/day 

Kd= 0.40/day 

K 2 = 3.95/day 

During the May survey* upstream from Station 5» natural stream- 
flow approximated zero cfs. In the summer low flow periods, the only 
flow in the stream comprises effluent from the Richmond Hill WPCP. Us- 
ing the organic loading and oxygen saturation values found at Station 2 as 
initial conditions* the oxygen sag curve depicted in Figure III— 3 is cal- 
culated. The table in Appendix C shows the progression of calculations 
for the dissolved oxygen profile. The low point of 4.0 ppm on the sag 
curve occurs near Station 4 about 0.18 days below the WPCP outfall. 
From this analysis it is confirmed that critical quality conditions occur 
only upstream from Station 5. Under summer temperature conditions* a 
slight decrease in dissolved oxygen would occur throughout the length of 
the stream without an appreciable change in the location of the critical 
sag point. 



4. ACCEPTABLE ORGANIC LOAD 



Under the critical conditions of Section 3 and the present hy- 
draulic design capacity of the plant (1.6 mgd), a load of 740 lbs BOD5 
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per day would satisfy the 4.0 ppm dissolved oxygen criterion. This means* 
however* that unusual BOD levels and associated unsightly conditions 
would prevail in the stream at most times. Due to its excellent reoxy- 
genation characteristics the stream may assimilate higher than normal 
BOD levels, however* this occurs at the expense of the aesthetics of the 
creek. A decision of the magnitude of the acceptable organic load and 
required treatment plant efficiency should be based on acceptable BOD 
concentration in relation to downstream uses. 

Reduction in the organic load would be required to ensure ac- 
ceptable quality under these conditions below Richmond Hill. The follow- 
ing tabulation presents comparative data on plant efficiencies and related 
effluent qualities (raw sewage BOD5 assumed to be 200 ppm). For each 
case studied, the time of travel required to reduce the effluent quality to 
the objective 4.0 ppm is presented. 

Plant Time of 

Case Effluent BODr Efficiency Travel 

(ppm) (lbs. /day) (per cent) (days) 

1 4 64 98 0 

2 8 128 96 0.29 

3 10 160 95 0.39 

4 12 192 94 0.47 

5 15 240 92.5 0.56 

Under the loadings shown for cases 2, 3 and 4# the objective 
4.0 ppm Is met between Station 4 (0.19 days) and Station 5 (0.49daya). 
Acceptable quality Is achieved under the case 5 loading rate only near 
Highway No. 7 downstream from Station 5. 

5. SIGNIFICANCE OF ADDITION OF NUTRIENTS 

The nutrlent-rlch flow of the German Mills Creek would have 
significant effects on the conservation reservoir to be developed down- 
stream. Prolific growths of algae and vascular plants likely would occur 
periodically and Interfere with the recreational uses of the lake. Although 
the Conservation Authority does not expect swimming to be provided* an 
attractive environment for picnicking, boating and fishing Is desired. 

German Mills Creek was Included In a separate study on the 
yield of phosphorus carried out In the spring of 1965. The annual yield of 
phosphorus from the upper 4.5 square miles of the watershed (north of 
Highway 7) was estimated to be 90,000 pounds (PO4) at that time. The 
yield per square mile was approximately 40 times greater from this water- 
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shed than from two " agricultural" watersheds In the same physiographic 
region. 

A 0.75 mgd secondary sewage treatment plant equipped with an 
effluent polishing filter under construction on the East Branch south of 
Thornhill will contribute nutrient materials to that stream. Assuming In- 
significant nutrient removal/ the additional load of phosphorus will prob- 
ably be in the order of 55,000 pounds per year. Quality problems may be 
anticipated in the small recreational lake as a result of these annual ad- 
ditions of about 70 tons of phosphorus. 

6. DISCUSSION 

German Mills Creek travels through land of potentially dense 
urban development. Land close to the Metropolitan Toronto boundary has 
already been subdivided for residential use and In part will become park 
land. Also, the Metropolitan Toronto and Region Conservation Authority 
plans to construct a dam and establish a reservoir for flood control and re- 
creational purposes below the confluence of German Mills Creek on the 
East Don River. These urban and recreational uses require a high degree 
of stream quality. 

To maintain a BOD5 concentration of less than 4 ppm throughout 
most of the stream, the treatment facilities should produce an effluent 
consistently less than 10 ppm (160 pounds per day) BOD5. The BOD5 would 
be rapidly assimilated and the objective of 4.0 ppm would result near 
Station 4. 

7. FUTURE REQUIREMENTS 

The Proposed Official Plan of the Metropolitan Toronto Planning 
Area indicates a population potential of 23,500 within the existing municipal 
boundary of Richmond Hill. The associated increase In loading would 
require an expansion of the sewage treatment facilities. It Is doubtful 
that the present treatment plant site would be suitable, being located In a 
built-up area of Richmond Hill, since limits would be imposed by the size 
of the site. 
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CHAPTER IV 



BIOLOGICAL SURVEY - SEPTEMBER 1965 

METHODS 

Bottom fauna and fish populations were examined at six sta- 
tions on German Mills Creek and at three stations on the East Don River 
(Figure IV- 1). Sampling Stations G and H served as "control" points. 

One collection of bottom organisms consisting of 20 minutes of 
effort in all common habitats with a 20- mesh (per inch) sieve was made 
at each station. 

Population estimates of fish were attemped using the removal 
method at Stations Bl to F (except D2) . Sections of stream varying from 
300 to 350 feet in length were blocked at upstream and downstream ends. 
Three collections of uniform effort were made at each; the fish were re- 
tained and estimates of the total population were made on the basis of 
diminishing catch. No fish were taken in the first unit of effort at Sta- 
tion Bl, B2 and C, therefore, fishing was discontinued at these stations . 
At Stations G and H about 2 0 minutes of electrofishing and seining pro- 
vided qualitative data for comparison purposes. 

BIOLOGICAL ASSESSMENT (OF WATER QUALITY) 

The flow in the upper reaches of German Mills Creek consisted 
mainly of effluent from the Richmond Hill WPCP. The resulting water 
quality impairment restricted the bottom fauna community to a small num- 
ber of tolerant species. Only midge larvae, tubificids, two genera of 
beetles and the rat- tailed maggot were collected at Stations Bl and B2 . 
Some improvement was noted at Station C and Dl with the presence of one 
species of mayfly and two damselflies. However, large populations of 
midges at these stations indicated considerable organic enrichment. At 
Station D2 midges were less numerous, but only one additional inverte- 
brate of moderate tolerance was noted. The presence of large numbers of 
blackfly larvae from Station Dl downstream indicated enrichment through- 
out the lower reaches of German Mills Creek and, in fact, in the East 
Branch of the Don below the entry of the former. No evidence of further 
improvement was noted at Station E. An important effect of water quality 
on the biota could be caused by the abundance of nutrients in promoting 
excess production of plant material and periodic secondary organic load- 
ing in the stream. 

Moderate impairment was evident at Station F. Caddisflies of two 
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genera and one moderately- tolerant mayfly were present. The other com- 
mon forms belonged to the pollution- tolerant groups, such as midges, tu- 
bificids and leeches. However, a close resemblance of the communities 
at Stations F, G and H indicated that the entry of water of poor quality 
from German Mills Creek had no seve-e effect on the biological population 
of the East Don River. 

Water samples taken at the time of the biological survey were 
useful in the interpretation of the biological data (Table IV- 1). The high 
concentration of free ammonia and very low concentrations of oxygen in 
the upper reaches are inhibitory to all but the most tolerant forms. Data 
collected by the Biology Branch in September and the Water Quality Sur- 
veys Branch in May indicated excessively high BOD 5 and nutrients, and 
a sag in the diurnal nocturnal dissolved oxygen cycle to a critical low 
level . 

The levels of nitrogen and phosphorus were much greater than 
exoected. Land drainage orobably accounted for the high concentrations 
of nutrients observed in both tributaries. 

The data on invertebrates have been summarized and presented 
graphically (Figure IV- 2) to demonstrate the general effect of the effluent 
on the biota of German Mills Creek. The increase in number of forms 
downstream and decrease in number of individuals collected are obvious . 
The data indicates that during 1965 impairment of water quality occurred 
throughout the total length of German Mills Creek. The effects on the 
biota were particularly severe throughout the first two miles (Station Bl 
to C) which reflect the considerable water quality impairment caused by 
the WPCP discharge, and were attributed directly to domestic wastes, with 
demonstrable high levels of free ammonia (7 ppm) , detergent (4 to 5 opm 
as ABS), and very low concentrations of oxygen ( lppm). Between Stations 
C and E moderate impairment was indicated. Although the BOD was not 
notably high (2 to 3 ppm) at the time of the biological survey, minimum 
concentrations of oxygen were rather low (3 ppm) presumably because of 
the respiratory demands by the abundant vegetation. The East Branch of 
the Don River showed little difference upstream from and below the entry 
of German Mills Creek, but enrichment was indicated and the concentra- 
tion of nutrients was high. 

Data on fish pooulations support the above findings. Fish were 
absent throughout a length of four miles below Richmond Hill (Fig IV- 3) . 
Three tolerant species, the creek chub, common sucker and black nose 
dace had invaded Station DI in low numbers. Four species were present 
at Station E in a Dopulation of average size. In the East Branch of the 
Don River six species were taken at Stations F, G and H. These findings 
support the previous conclusions that German Mills Creek had no sig- 
nificant effect on the East Branch. However, the data on both inverte- 
brates and fish demonstrate that the water quality in the East Branch is 
impaired. 
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TABLE IV-1 



Determinations of BOD, solids, pH, detergent and phosphorus and nitrogen fractions on 
samples collected at nine stations at the time of ths biological survey, September, 1965. 



Biological 

Survey 

Station 


Diss! 
Oxygen 


5-Day 
BOD 


Tot. 


Solids 
Susp. 


Diss. 


PH 

at lab. 


Anionic 
detergents 
as ABS 


Phosphorus Nitrogen as N 
as PO4 Total Free 
Tot. Sol. Kjeldahl Ammonia Nitrite Nitrate 


B l 


1.0 


8.2 


770 


3 


767 


7.5 


5.0 


34.0 


28.0 


3.40 


6.56 


0.3 


10.0 


h 


1.1 


7.6 


792 


5 


787 


7.6 


4.6 


60.0 


30.0 


12.00 


7.22 


0.6 


8.0 


c 


0.8 


12.0 


800 


38 


762 


7.2 


3.8 


36.0 


29.0 


11.00 


7.22 


0.4 


10.0 




2.7 


3.4 


810 


9 


801 


7.6 


3.6 


29.0 


27.0 


2.45 


0,26 


0.3 


13.0 


D 2 


mm 


2.2 


826 


23 


803 


7.7 


3.6 


29.0 


26.0 


2.45 


0.13 


0.1 


13.0 


E 


2.7 


1.8 


728 


25 


703 


7.6 


2.4 


14.0 


12.0 


1.65 


1.00 


0.1 


10.0 


F 


3.2 


2.4 


502 


35 


467 


7.8 


0.7 


23.0 


20.0 


0.91 


tr 


tr 


3.5 


G 


3.3 


1.4 


414 


41 


373 


8.0 


0.0 


0.3 


0.2 


0.33 


0.06 


tr 


tr 


H 


3.5 


1.2 


362 


55 


307 


8.0 


0.0 


0.3 


0.1 


0.40 


0.05 


tr 


0.0 



Single determinations made just before dawn on 
September 15th, 1965. 
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3000 
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J / I L- 
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Di E F 
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Bi Qz Ci 



Di E F 



Standing Crop 
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Bi B2 Ci 



Di E F 



Number of species, fish per acre and 
standing crops of fish estimated at 
stations on German Mills Creek in 
September, 1965 
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CHAPTER V 



SUMMARY 
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CHAPTER V 



SUMMARY 



A wastewater assimilation survey of German Mills Creek was 
performed late in May 1965 and a biological study was carried out the 
following September. 

During the wastewater assimilation survey, the Richmond Hill 
WPCP discharged an effluent with an average BOD 5 of 57 ppm to German 
Mills Creek. Under these loading conditions the creek exhibited serious 
deterioration in quality for 7.5 miles downstream from Richmond Hill to 
its confluence with the East Don River. The BOD5 parameter best il- 
lustrated the quality impairment with average values at every station ex- 
ceeding the OWRC objective of 4.0 ppm. At Station 3, BOD5 values were 
noted as high as 79 ppm. Elevated nitrogen levels also indicated organic 
enrichment. The dissolved oxygen levels were generally acceptable but 
minimum values were as low as 2.2 and 1.8 ppm at Stations 3 and 4 re- 
spectively. 

The biological balance in the creek was found to be upset con- 
siderably. The bottom fauna community* although in large populations/ 
was restricted to a small numberof pollution-tolerant species belowRlch- 
mond Hill. The excessive organic and nutrient additions and resulting 
biochemical and plant respiratory oxygen demands Impaired the water qua- 
lity sufficiently to prevent significant biological recovery throughout the 
length of the creek. The data on collected fish populations supported 
these findings. 

Based on the May survey, estimates of the reoxygenation and 
deoxygenation rate coefficients were made. Close agreement between the 
field and computed dissolved oxygen sag curves was obtained. Math- 
ematical analyses of the problem led to predictions of water quality con- 
ditions throughout the length of German Mills Creek under various organic 
loads, temperatures and streamflows. 

Consideration of downstream quality requirements predicates a 
very high degree of sewage treatment. Accordingly, the quality of the 
plant effluent should not exceed 10 ppm In order that a stream BOD5 not 
exceeding 4.0 ppm can be maintained throughout most of German Mills 
Creek during critical summer conditions. 

The significance of nutrient additions In relation to downstream 
water uses was also considered. Without considering the nutrient load- 
ings to be contributed by future growth at Richmond Hill, It was estimated 
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that about 70 tons of phosphorus as PO4 will be added annually to the 
East Branch of the Don River. Adverse effects of this fertilization on a 
reservoir proposed by the Metropolitan Toronto and Region Conservation 
Authority may be anticipated. 
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APPENDIX A 



DISCUSSION OF FIELD AND LABORATORY DATA 



TEMPERATURE 

DISSOLVED OXYGEN 

BIOCHEMICAL OXYGEN DEMAND 

NITROGEN 

SOLIDS 

COLIFORM BACTERIA CONTENT 

STREAMFLOW 

TIME OF TRAVEL 
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APPENDIX A 



DISCUSSION OF FIELD AND LABORATORY DATA 
TEMPERATURE 



The average temperature from station to station remained fairly 
constant throughout the survey area. 

Summary of Temperature Data (°C) 



Station 


Averaqe 


Maximum 


Minimum 


1 


17.7 


22.1 


11 


2 


16.4 


19 


14 


3 


16.6 


22 


12 


4 


18.6 


24.5 


12 


5 


19.7 


25 


13 


6 


20.6 


24.5 


14 


7* 


18.4 


24 


11 


8 


19.7 


23 


16 


9 


19.9 


24 


16 



♦Tributary 

DISSOLVED OXYGEN 



The dissolved oxygen level at Station 2 averaged about 50% sat- 
uration and the condition of the stream degraded to a minimum dissolved 
oxygen concentration of 1 . 8 ppm at Station 4. Rapid recovery occurred be- 
low this point until at Station 8, average dissolved oxygen concentrations 
approached saturation. 

Summary of Dissolved Oxygen Data 



P.O. Concentration (ppm) Avg. D.Q Deficit 
Avg. " ~ " " ~ 



Station 


Temp.(°C) 


Average 


Maximum 


Minimum 


ppm 


lbs 


1 


17.7 


8.1 


14.6 


3.6 


1.3 


.66 


2 


16.4 


5.2 


7.0 


3.8 


4.7 


52.25 


3 


16.6 


4.9 


6-2 


2.2 


5„0 


54.67 


4 


18.6 


4.3 


7.2 


1.8 


5.2 


57.88 


5 


19.7 


6.4 


9.3 


4.2 


2.9 


33.59 


6 


20.6 


6.5 


9.8 


4.4 


2.5 


34.22 


7* 


18.4 


8.4 


13.5 


4.6 


2.7 


.59 


8 


19.7 


8.7 


11.2 


3.0 


0.5 


8.44 


9 


19.9 


7.8 


14.0 


3.8 


1.4 


31.49 



♦Tributary 



OWRC Objective - not less than 4.0 ppm 
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BIOCHEMICAL OXYGEN DEMAND 

The effect on water quality caused by the addition of BOD from 
the sewage plant is readily apparent. BOD 5 levels exceeded the Commis- 
sion objective of 4 ppm throughout the stream from the Richmond Hill "WPCP 
outfall to Station 9. 

Upstream from Station 2, BOD 5 averaged 9.0 ppm indicating that 
the small private drains observed flowing to the creek contributed to the 
impairment of the water quality. 



Summary of BOD Data 





Average 


BOD 


Maximum 


Minimum 


Station 


ppm 


lbs/da/ 


ppm 


ppm 


1 


9.0 


4.6 


24 


1.8 


WPCP 


57 


684 


79 


34 


2 


52.1 


571.4 


78 


26 


3 


39.2 


429.3 


79 


13 


4 


35.8 


398.5 


68 


12 


5 


20.0 


231.7 


32 


14 


6 


17.9 


245.0 


26 


12 


7* 


2.7 


1.5 


5.2 


1.9 


8 


11.9 


200.8 


14 


9.0 


9 


10.2 


229.4 


13 


5.8 



* Tributary 

OWRC Objective - not greater than 4.0 ppm 
NITROGEN 

Domestic wastes contain a significant amount of protein matter 
which is relatively rich in nitrogen. Nitrogenous compounds break down 
from organic nitrogen through free ammonia to nitrite and nitrate. The lat- 
ter two compounds result from the action of nitrifying bacteria. The pre- 
sence of free ammonia in significant amounts (greater than 0.1 ppm) is an 
indication of relatively fresh pollution. 

The nitrogen levels in the stream were indicative of the normal 
nitrogen cycle. That is, at the stations immediately below the WPCP out- 
fall total KJeldahl (organic nitrogen) and free ammonia levels were high. 
Dilution and biochemical processes reduced these concentrations. How- 
ever, the nitrite and nitrate levels showed a marked increase below Station 
5 and nitrate concentrations reached a maximum of 1.5 ppm at Stations 8 
and 9 . 
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Summary of Nitrogen (as N) Data 





Total 


Free 








Kjeldahl 


Ammonia 


Nitrite 


Nitrate 


Station 


(ppm) 


(ppm) 


(ppm) 


(ppm) 


1 


.16 


1.2 


.4 


.41 


WPCP 


22.2 


35 


1.1 


tr 


2 


19.7 


37 


.4 


.5 


3 


20.1 


36 


.25 


.4 


4 


22.7 


32 


.3 


.25 


5 


18.8 


25 


.36 


.49 


6 


18.1 


20., 8 


1.2 


1.3 


7* 


0.17 


0.85 


tr 


tr 


8 


9.6 


14.5 


1.0 


1.5 


9 


6.5 


7.6 


0.7 


1.5 



*Trlbutary 



SOLIDS 

Total/ suspended and dissolved solid levels decreased uniform- 
ly from the upstream to downstream reaches. The suspended solids level 
was high in the WPCP effluent (69 ppm) which was reflected at Stations 2, 
3, and 4 where the concentrations ranged between 44 and 72 ppm. 

Summary of Solid Concentrations 



Total Suspended Dissolved 

Solids Solids Solids 

Station (ppm) (ppm) (ppm) 



1 1*110 12 1,098 
WPCP 786 69 717 

2 868 58 810 

3 801 61 740 

4 830 56 774 

5 782 23 759 

6 722 17 705 
7* 576 40 536 

8 653 19 634 

9 632 26 606 



*Trlbutary 
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COLIFORM BACTERIA CONTENT 



Logarithmic averages of the Membrane Filter total conform counts 
were calculated to reduce the effect of extreme values. High average con- 
form populations were observed at the first six survey stations. Station 3 
exhibited the highest counts of 416,000 organisms per 100 ml. Stations 8 
and 9 showed satisfactory conditions with values below the Commission 
objectives of 2/400 organisms per 100 ml. 



Station 

1 

2 
3 
4 
5 
6 

7** 

8 

9 



Summary of Collform Data 

MF Collform per 100 ml 



Average* 

93,700 
66,000 
416,000 
253,000 
106,000 
3,164 
920 
1,442 
1,531 



Maximum 

450,000 
115,000,000 
5,000.000 
640,000 
180, 000 
9,000 
1,900 
3,100 
2,400 



** Tributary 
* Logarithmic Average 



Minimum 

300 
50 

60,000 
70,000 
40,000 
1,800 
200 
700 
400 



STREAMFLOW 



Stream velocities were measured using a Gurley current meter 
(Model 622) and streamflow was calculated by the velocity-area method. 



Station 

1 
2 
3 
4 
5 
6 

7* 

8 
9 



Summary of Average Streamflows (cfs) 

Drainage Area (sg. ml.) Flow Average (cf s) 



3.17 
3.95 
4.66 
6.42 
8.70 
10.07 
4.70 
15.92 
20.55 



0.94 

2.07 

2.03 

2.06 

2.15 

2.54 

O.lOe 

3.12 

4.17 



♦Tributary 
e - Estimated 
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TIME OF TRAVEL 
Summary of Time of Travel 



Reach Point to Point (Days) 

2- 3 .069 

3- 4 .121 

4- 5 .295 

5- 6 .412 

6- 8 .598 
8-9 .330 



Cumulative (Days) 

.069 

.190 

.485 

.897 
1.495 
1.825 



33 



APPENDIX B 
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DROUGHT FLOW PREDICTIONS 
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APPENDIX B 



DROUGHT FLOW PREDICTIONS 



Flow records for German Mills Creek were not available . There- 
fore it was necessary to make predictions of drought flows on the basts of 
flow records from the East Don River recording gauge at Lansing main- 
tained by the Department of Northern Affairs and National Resources. In 
Table B-l, the minimum, average annual, and maximum daily flows as well 
as the average seven and thirty day low flows are tabulated. 

These flows were ranged in descending order and the frequency 
of occurrence was calculated. Flow versus per cent time equalled or ex- 
ceeded was plotted on log- probability paper, and the low flows for the 
20-year return period were selected. Considering that the gauge at Lans- 
ing has a drainage area of 46 square miles, the 20- year return period daily 
flows per square mile are as follows: 

minimum daily flow 0.034 cfs/mi 2 

7- day low flow period 0„043 cfs/mi 2 
30-day low flow period 0.080 cfs/mi 2 



In order to find a relationship between flow per square mile at 
the gauge and the flow in the survey area, records for the gauge in the 
East Don River were compared with flow measurements taken during the 
survey in the creek* Flow in German Mills Creek was found to be approx- 
imately 0.8 times the flow in the East Don River at the gauge. 

The calculated 20-year return period daily flows per square mile 
In German Mills Creek, therefore are as follows: 

minimum dally flow 0.027 cfs/mi 2 

7-day low flow period 0.035 cfs/ml 2 
30-day low flow period 0 U 064 cfs/mi 2 



Streamflow measurements taken during the survey indicated that 
natural flow above Station 5 In the German Mills Creek was negligible. 
The flow in the stream consisted entirely of WPCP effluent upstream from 
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Station 5. The selection of StatLon 5 as Initial point with natural stream- 
flow is arbitrary but appears justified since in May the natural streamflow 
of 0.2 cfs/sq. ml. considerably exceeds all selected drought flows. 
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TABLE B-l 



SUMMARY OF FLOW RECORDS 
EAST DON RIVER AT LANSING #2HC4 
(Flow Expressed In cfs) 















7-Day 


30-Day 


Water Year 


Average 




Maximum 


Minimum 


Low Flow 


Low Flow 


1963- 64 


* 


23.7 




300e 


6.4 


8.5 


11.5 


62 -6 3 


* 


24. 3 




357 


2.2 


3.3 


6.9 


61-62 


* 


24.4 




289e 


4.3 


4.5 


8.9 


60-61 


★ 


26. 5 




348 


3.3 


4.3 


8.8 


59-60 


* 


61 




1,420 


1.8 


5.1 


6.5 


58-59 


* 


40 




873 


10.1 


10.3 


10.7 


57-58 


* 


31 




511 


5.0 


5.4 


8.6 


56-57 


* 


44 




1,280 


5.0 


6.0 


7 


55-56 


* 


44 




884 


5.0 


5 0 


q ? 

. o 


54-55 


* 


45 




3, 230e 


4 


4.3 


7.8 


53-54 


* 


49e 




1, 427e 


3.5e 


3.6e 


4.4 


52-53** 


21 




285 


1 


1.4 


4.2 


51-52** 


44 




1,380 


5 


6 


8.0 


50-51** 


39 




1,300 


2 


3 


4.5 


49-50** 


35 




1,240 


4 


4.5 


8.7 


48-49** 


18 




488 


4 


4 


4.2 


47-48** 


25 




983 


6 


6 


6 


46-47** 


41 




1,370 


5 


7.5 


10.2 


45-46** 


40 




1,260 


8 


8 


8 








e 


- Estimated 














* 


- Drainage Area 


46 sq. ml. 












** 


- Drainage area 


5 0 sq. mi. 
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FIGURE B-l 

DON RIVER (EAST BRANCH) 

LANSING GAUGE 
DROUGHT DURATION Vs. FREQUENCY 
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WASTE ASSIMILATION FORMULAE 
AND SAMPLE CALCULATIONS 
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APPENDIX C 



WASTE ASSIMILATION FORMULAE AND SAMPLE CALCULATIONS 



The following briefly outlines the formula used In the waste 
assimilation calculations and the significance of the terms employed. 



D D = the dissolved oxygen deficit at the point of 
pollution or the point of reference. 

Dt = the deficit at any point distant a time t 
(In days) from the reference point. 

L Q = the first stage BOD at the point of reference. 

K r = 2.3 k r = coefficient of BOD removal. 

Kd = coefficient of deoxygenatlon. 

K2 = 2.3 k2 = coefficient of reoxygenatlon. 

t = time of travel (days) . 

t c = time of travel to the minimum point of the 
oxygen sag curve. 



With known values of D 0 , L Q , K r , K$, and K 2 , the oxygen de- 
ficit (D) may be computed for any time (t) downstream by the following 
equation: 



D = 



Kd L 0 
K 2 -K r 



. -K r t 
(e r - 



-K 



+ Dr 



-K 2 t 



Using D, the dissolved oxygen Is calculated and plotted as a 
continuous curve against time to form the oxygen profile. 



The complete solution of the sag curve Is time-consuming and 
since In many cases the critical point and Its ordinate, the critical time, 
t c # and the critical depletion, D c , are of Interest only, the following 
formula for calculating t c was developed. 



tc= 1 



K^KF 



Infi 



1 -- 



Do ,K 2 -K 



(—— — — ) 

Kd 
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TABLE C-l 

Computation of P.O. Profile (25°C) - 7 -Day 20-Year Return Low Flow 



Station 


t 

(Days) 


-krt 
e 


-k,t 

e L 


(3) - (4) 


T 

L 0 

(#/d) 


KdLo 


(5) x (7) 


D o 
(#/d) 


(9) x (4) 


(8) + (10) 

(#/<D 


0 

(cfs) 


D 
(ppm) 


D.O. 

(ppm) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(ID 


(12) 


(13) 


(14) 


Section 1 
2 


0,00 


„ 


_ 


M 


1,075 


M 




54,5 






2.98 


3.4 


5.0 


3 


0,069 


.850 


.762 


.088 


1,075 


257 


22.6 


54,5 


41.5 


64.1 


2.98 


4.0 


4.4 


4 


0.190 


.639 


.472 


.167 


1,075 


257 


42.8 


54.5 


25.7 


68.5 


2.98 


4.3 


4.1 


5 


0,485 


.318 


.148 


.170 


1,075 


257 


43.7 


54.5 


8.1 


51.8 


2.98 


3.25 


5.15 


Section 2 










342 






52.0 












6 


0.412 


.850 


.115 


.735 


342 


27.8 


20.4 


52.0 


6.0 


26.4 


3.02 


1.6 


6.8 


8 


1.01 


.671 


.005 


,666 


342 


27.8 


18.5 


52.0 


.26 


18.76 


3.20 


1.1 


7.3 


9 


1.34 


.589 


.0009 


.588 


342 


27.8 


16.4 


52.0 


.05 


16.5 


3.35 


.9 


7.5 



L 0 for Section 2 = 1,075 e^ 5 = 1,075 e ' 2i36x ' 412 = 342* 
D 0 for Section 2 = D5 x Q x 5.4 = 3.25 x 2.98 x 5.4 = 52. 0' 



APPENDIX D 



ABBREVIATIONS 
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APPENDIX D 



ABBREVIATIONS 



mgd - million gallons per day (Imperial) 

BOD5 - 5- Day Biochemical Oxygen Demand 

°C - degrees Centigrade 

°F - degrees Fahrenheit 

Ft. - feet 

WPCP - Water Pollution Control Plant 

ppm - parts per million 

cfs - cubic feet per second 

cfs/sq. ml. - cubic feet per second per square mile 

% - percentage 

lbs - pounds 

M.F. - Membrane Filter 
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